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Abstract 
Pattern of occupancy of territorial sites used by male blue 
grouse (Dendlagapus obscurus fuliginosus) was examined on a 
485 ha area (Comox Burn) on Vancouver Island, British 
Columbia. Numbers of territorial males increased from 1969 
to 1971, then remained relatively stable at approximately 80 
males per year to and including 1978. Some sites were used 
for territories every year while others showed intermittent 
use. Sites used at least 9 of 10 years were termed 
"persistent", those used less than 9 years "transient". Over 
a period of 10 years (1969-1978) there were 41 persistent 
and 82 transient sites on Comox Burn. 

Males occupying persistent sites survived longer and 
more females were found near their territories in early 
Spring than those on transient sites. Thus, males uSing 
persistent siteS may be more successful, reproductively, 
than tnose using transient sites. Experimental removal of 
Males from persistent and transient sites indicated that 
males preferred persistent sites for territories. 

Although males occupying the two types of sites had 
different rates of survival, no vegetative or topographic 
differences were found between persistent and transient 
sites. Vegetative parameters measured included availability 
ot food and cover and evaluations of "openness". Slopes 
around activity centres and height of territories in 
relation to surrounding areas were the topographic features 


investigated. The alternative, that demographic differences 
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between males utilizing the two types of site are due to 
behavioural differences between the two groups of males is 
considered unlikely. Physical differences between persistent 
and transient sites may be subtle, rather than marked, and 
more intensive examinations may be reguired. 

My results have several immediate and evolutionary 
implications. Support for the hypothesis that yearling males 
are nonterritoriai, hence non-breeders, because it is 
advantageous for them to delay breeding is presented. Also, 
evidence from the removal experiment Suggests that "surplus" 
non-breeding adult males were present on Comox Burn. 
Therefore, the role of adult males and territorial behaviour 
in regulating breeding density in populations of blue grouse 
is reexamined. These results are discussed in relation to 
present knowledge of population regulation in blue grouse 


and general theory on population ecology. 
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fuliginosus) on Vancouver Island, British Columbia over the 
past 25 years has been aimed at determining how breeding 
densities are regulated (Bendell and Elliott 1967; Bendell 
et al. 1972; Zwickel 1972; Zwickel and Bendell 1967, 1972; 
Zwickel et al.1979). Male blue grouse are fromiscuous 
(Bendell and Elliott 1967; Wiley 1974) and they establish 
territories from which they attempt to attract females by 
hooting (Singing) (Bendell and Elliott 1967; McNicholl 
1978). Although possession of a territory is generally 
regarded as a prerequisite for breeding and most yearling 
males are not territorial, territorial behaviour has not 
beer considered important in limiting breeding densities 
(Bendeli and Elliott 1967). A major reason for this 
conclusion was that even in dense populations all available 
space was not occupied by territorial males (Bendell and 
Elliott 1967). However, presence of unused areas makes 
non-breeding by yearling males puzzling since they are 
physiologically able to breed (Simard 1964). Some 
territorial sites are occupied continuously and others only 
intermittently (Bendell and Elliott 1966, 1967). Therefore, 
some areas that are unused each year are apparently suitable 
for territories. Why do yearling males not occupy these 
vacant sites? Also, how does the pattern of territorial 


occupancy (i.e. continuous and intermittent) displayed by 


males relate to our present knowledge of population 
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regulation in blue grouse? My objectives were to seek 

answers to these questions. I examined use of territorial 

Sites by males on one area over a 10 year period and related 

the pattern of use to the suitability of these sites for 

territories. Results are presented in the form of 3 papers: 

1. Patterns of occupancy of territorial sites by male blue 
grouse. 

2. Removal and replacement of male blue grouse on a series 
of persistent and transient territorial sites. 

3. Characteristics of persistent and transient territorial 
Sites of blue grouse. 

The pattern of use of territorial sites by males on one 
area over a 10 year period (1969-1978) and the reproductive 
potential of males occupying different sites are considered 
in the first paper. Following this study a removal 
experiment was undertaken to compare rates of replacement 
between sites used persistently and those occupied 
intermittently and these results are presented in the second 
paper. Vegetative and topographic characteristics of 
territorial sites are examined in the third paper. 
Differences between sites used continuously and 
intermittently are sought. 

A final discussion briefly describes general theories 
on population regulation and relates research on blue grouse 
to them. My studies are then considered in relation to 


previous studies and theory. 
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Population regulation in blue grouse. In Symposium -- 
The natural regulation of wildlife numbers. (Eastman, 


v., and F. Bunnell eds.). Academic Press, in press. 
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Paper 1: PATTERNS OF OCCUPANCY OF TERRITORIAL SITES BY MALE 
BLUE GROUSE 
Abstract 
Pattern of use of territories by male blue grouse 

(Dendragapus obscurus fuliginosus) was examined on a 485 ha 
area, over a 10 year period (1969-1978), on Vancouver 
Island, British Columbia. Some sites were used for 
territories every year, usually by a succession of males; 
Others were used only sporadically. These have been called 
"persistent" and "transient" sites, respectively. Males 
using persistent sites survived significantly longer than 
those occupying transient sites. In early spring more 
females were found near persistent than transient sites. 
Thus, males occupying persistent sites apparently have 
greater reproductive potential than those utilizing 
transient sites. Activity centres of territories tended to 
be uniformly distributed and there was no evidence of 
transient sites being clustered around persistent sites. 
This pattern of territorial occupancy has both immediate and 


evolutionary implications. 
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Introduction 
Gullion (1967) and Boag (1976) noted that some sites used 
for territories by male ruffed grouse (Bonasa umbellus) were 
occupied every year while others were used only 
intermittentiy. A similar pattern of occupancy was observed 
for blue grouse (Bendell and Elliott 1966}. However, data 
from only four years were used to make this observation and 
this is an insufficient amount of time to fully evaluate 
patterns of territorial use. Blue grouse have now been 
studied for 10 consecutive years (1969-1978) on an area near 
Courtenay, Vancouver island, and these data allow a closer 
examination of the use of territorial sites over time by 
male blue grouse. 

Boag (1976) suggested that frequency of occupancy 
reflects the suitability of sites for territories. In blue 
grouse, occupancy of a territory permits males to display to 
and mate with females without interference from other males 
(Bendell and Elliott 1967). Since male blue grouse are 
promiscuous (Bendell and Elliott 1967; Wiley 1974a), they 
can increase breeding success by living a long time and/or 
by mating with several females in any one year. Sites with 
characteristics that enable males to maximize breeding 
success would be considered optimal and should be selected 
for territories. 

The purpose of this study was to examine the pattern of 
occupancy, over time, of territorial sites used by male blue 


grouse. Differences in survival and breeding potential of 
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maieS occupying different sites were also investigated. 
Relationships between the observed pattern of use and 
population parameters, such as recruitment of males into 
breeding populations, are discussed. 

Territory is defined as the area used, and presumably 
defended, by individual males for displaying to and breeding 
with females (Fendell and Elliott 1967). The area within tae 
territory where the resident most frequently hoots (sings) 
is termed the activity centre. Territorial sites are the 
specific locations on the study area where territories are 
found. Although territorial boundaries on a given site may 
change Slightly from year to year, the location of the 


activity centre generally remains the same. 
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Study Area 
This study was conducted by using data collected between 
1969 and 1978 on Comox Burn, a 485 ha area on the east slope 
of Vancouver Island, approximately 14 km west of Courtenay. 
This area is in a region intermediate between the Douglas 


fir (Pseudotsuga menziesii) and western hemlock (2suga 


—— —— ——« 


eterophylla) biogeoclimatic zones (Krajina 1965). 

Between 1947 and 1961, Comox Burn was clearcut and ia 
September, 1961 the entire area was burned by wildfire. 
Replanting with Douglas fir was almost complete by 1964. in 
1969 vegetative structure consisted entirely of "open" 
(Bendell and Elliott 1967) and "very open" types. By 1977 
portions had become "dense" or "very dense", but the 
majority of the area was still "open" (Figure 1). For a more 
detailed description of the study area see Zwickel and 


Bendelt «(196777 1972); 
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Methods 
Populations of blue grouse were studied from April to late 
August or early September each year. Grouse were found with 
the aid of pointing dogs and locations of all birds sighted 
were recorded. Attempts were made to capture and color-band 
all unmarked birds. Throughout the study, roughly 80% of the 
territorial males were banded. In spring, males on 
territories hoot frequently and this aided in their 
detection and identification. By mid-May each year most 
territorial males had been located and individually 
laexztified, if banded. 

Locations of all banded territorial males and unbanded 
and unidentified males found hooting were plctted for each 
yeac on maps of the study area. All Singing males were 
cousidered to be on territories, since hooting is used by 
males to sSignify occupancy of a territory (Bendeli and 
Elliott 1967; McNicholl 1978). Only one sighting of a 
hooting male was used, in a few cases, to consider a 
territorial site occupied in a given year. 

All statistical comparisons were made with t-tests or 
chi-sguare tests unless otherwise noted. A probability level 


of 0.05 or less was considered significant. 
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Results 
AS with ruffed grouse (Gullion 1967; Boag 1976), some sites 
were used for territories every year, others only 
intermittently (Table 1). Those used every year generally 
had a succession of males occupying them as only one male 
present in 1969 was still alive in 1978. A site was termed 
"persistent" (equivalent to perennial centres of Boag (1976) 
ana Guilion (1967)) if it was occupied for at least nine of 
the ten years. Areas used nine years were considered 
persistent since non-use in one year may have been due to 
Chance. Sites used eight years or less have been called 
"transient". Thirty-eight transient sites had periods of use 
separated by intervals when they were vacant. From 1969 to 
1978 there were 41 persistent and 82 transient sites on 
Comox Burn. During this time numbers of territorial males 
varied from 68 to 85. In some years individual males 
occupied areas normally used by two different males, but 
this was uncommon (12 instances). The number of transient 
sites used each year ranged from 31 to 44 (Table 2). 

Males that had occupied a territory in one spring but 
were not sighted in subsequent years were assumed to have 
died. This seems a valid assumption since males seldom 
shifted territories from one year to the next and any shifts 
were generally to adjacent territories (Lewis 1979). The 
average survival of males occupying the two types of sites 
was used as one measure of the quality of those sites. Only 


banded males were used to estimate survival. Estimated 
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Sulvival on the two types of site (Table 3) is minimal 
because males occupying territories at the end of the study 
(1978) were included in survival estimates and classed as 
not living beyond 1978 even though most would not die before 
1979. Males occupying territories at the beginning of the 
study (1969) were also used in estimating survival but since 
some banding operations had been conducted on Comox Burn 
between 1962 and 1969 the effect of these males on 
Minimizing survival is slight. The year of banding was 
considered the first year of territorial occupancy for these 
individuals. As a result of including these males one 
individual was recorded as living 11 years even though the 
period of study was only ten (Table 3). Newly banded males 
occupying sites that had an unbanded occupant in the 
previous year were not included in these calculations, nor 
were males that shifted territories during the study. 
Survival would have been further underestimated if these 
males had been included. Males using persistent sites 
survived significantly longer than those using transient 
Sites (Mann-Whitney U-test, U = 5304.5, p < 0.001) (Table 
3). 

Sites may have been occupied persistently merely 
because males on these areas survived a relatively long time 
(Table 3). To examine this possibility, I compared numbers 
of males using persistent sites to those using transient 
sites. Newly banded males were considered new individuals 


even if the site they used had been occupied by an unbanded 
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male in the previous year. If a site was occupied by an 
unbanded male for a succession of years, this was considered 
as one male. These criteria result in the number of males 
occupying sites being overestimated, but I assume that the 
overestimation is roughly Similar for both groups. Average 
humber of males per persistent site (3.20) was greater than 
for transient sites (2.16). Thus, even though males using 
persistent sites survived longer, these sites had a greater 
turnover of males than transient sites. Consequently, it 
seems unlikely that persistent sites were classified as such 
Simply pecause individuals occupying these areas survived 
longer than those using transient sites. 

AS noted above, males can increase their fitness by 
mating with more than one female each year. Copulations, 
however, are rarely observed in the field and it is 
difficult to determine if some males are breeding more than 
others. Thus, indirect evidence was used to examine this 
possibility: 

Locations of all females sighted prior to 16 May were 
piotted for each year to test the hypothesis that males on 
persistent sites attract, and potentially mate with more 
females than those occupying transient sites. Locations 
prior to 16 May were used because most breeding on Comox 
Burn is completed by this time (Zwickel 1977). For each 
location I determined whether the hen was nearer the 
activity centre of an occupied persistent or transient site. 


More females were found near persistent (444) than transient 
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These data differed significantly from a ratio 


of 399:371 (Table 2), the expected ratio if males on 


transient sites attract females equally as well as those on 


persistent sites (p < 0.001). 

Even though more females 
than transient sites this may 
persistent sites attract more 
Simply represent habitat that 


arrival on breeding ranges in 


were found near persistent 
not be because males on 

females. Persistent sites may 
is preferred Ly females. On 


spring the primary requirement 


of females is likely to secure a nesting area (S. J. Hannon, 


pers. comm.). If habitat around persistent sites is most 


suitable for females, 


around transient sites. 


Between 1969 and 1978, 


more nests should be found here than 


113 nests 


were found on Comox Burm. Thirty-nine were nearer activity 


centres of persistent sites, 


transient sites. 


expected ratio of 1:2 (41 persistent Sites, 


74 nearer activity centres of 


This does not differ significantly from the 


82 transient 


Sites) if habitat near transient sites is as good for 


nesting as that near persistent sites (p > 0.05). Thus, 


maleS on persistent sites may 


than 


those on transient sites. 


be attracting more females 


That males are attracting 


females during spring is further suggested by the fact that 


Significantly more females were found near transient sites 


when they were occupied than when they were unoccupied 


VEC RIOT; 


3712449) 


(301 


respectively, compared to an expected ratio of 


(p < 0.001). Field workers in spring, however, may 


spend more time searching areas where territorial males are 
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located than where no males are present. This would affect 
this result but the bias is likely negligible. 

Weights of males occupying persistent and transient 
Sites were compared to see if body size might be a factor in 
determining which type of site was obtained. Average weights 
of newly banded males, most of which are assumed to be two 
years of age, that obtained persistent sites (1287 + 16g, N 
= 17) did not differ significantly from those of newly 
banded males on transient sites (1293 + 13g, N = 39) (p> 
0.05). Median date of capture was roughly Similar for both 
groups (17 May vs. 12 May, respectively). When weights of 
males banded as yearlings which subsequently returned as 
adults were compared, those that obtained persistent sites 
weighed less (1102 + 23g, N = 12), on average, as yearlings 
than those that acquired transient sites (1164 + 15g, N = 
24) (pe < 20 705): % 

Guilion (1967, 1976) and Boag (1976) kEoth noted that 
activity centres of ruffed grouse tended to occur in groups 
or clusters, although each postulated different reasons for 
this phenomenon (structure of habitat and social 
interaction, respectively). A Similar occurrence in blue 
grouse seems possible since McNicholl (1978) demonstrated 
that’ males®tend@ttovsing in groups.'§f6 test” this idea, I 
measured the distance from the activity centre of each 
territory to the activity centre of the nearest adjacent 
territory. All territorial sites were used in this 


measurement even if they were not occupied in every year. I 
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then calculated an R value (Clark and Evans 1954) which 
gives a measure of the dispersion of activity centres on 
Comox Burn. R values can range from 0, indicating maxinun 
clumping, to 2.1491, representing uniform spacing. A value 
of 1 signifies that activity centres are randonly 
dastributed. The estimated R value was 1.3346 indicating a 
Significant tendency for activity centres on Comox Burn to 
be uniformly spaced (see Figure 1) (c = 4.68, p < 0.01, 
Clark dnd ‘Ev.ans 1954). 

Boag (1976) further suggested that transient centres 
were grouped around perennial centres. Although activity 
centres on Comox Burn tend to be uniformly distributed, 
transient sites may be located principally around persistent 
Sites, aS opposed to a distribution in which persistent and 
transient sites are randomly dispersed ina uniform pattern. 
I therefore plotted 82 random points on the study area and 
determined whether the activity centre of a transient Site 
or a random point was nearer the activity centre of a 
persistent Site. if transient sites are randomly spaced in 
relation to persistent sites an egual number of transient 
sites and randcm points should be found nearer to persistent 
Sites. This was the case (18 vs. 23, respectively, p > 
0.05). Thus, transient sites were not located preferentially 


around persistent sites. 
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Discussion 

Males occupying persistent sites survived longer and had 
more females found near their territories than those using 
transient sites. Thus, as Boag (1976) suggests, persistent 
sites are apparently more suitable than transient sites for 
territories. Since the number of persistent sites on Comox 
Burn is limited, there may be intense competition among 
males for these areas. What determines which males obtain 
persistent sites? Males securing persistent sites did not 
weigh more, either as yearlings or adults, than males 
procuring transient Sites. Body weight therefore, does not 
appear to be important in determining which type of site is 
obtained. Weights of individuals captured from April to 
September were used for this analysis while competition for 
territories occurs in March and early April. It is unlikely 
however, that this would affect the resuits since male blue 
grouse do not undergo significant weight changes from April 
to Septemper (Redfield 1973). Lance (1978) suggested that 
important in determining where males settled as adults. 

Male blue grouse usually do not hold territories as 
yearlings (Bendell and Elliott 1967; this study), but tend 
to localize their movements in an area encompassing the 
territories of several males (Sopuck 1978). Yearlings may 
evaluate the suitability of these sites for territories at 
this time, for as young adults most males return to the same 


areas they occupied as yearlings (Sopuck 1978). When two 
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year old males arrive on breeding ranges in spring, 
following migration, some territorial sites will be vacant 
because of adult mortality during the preceding year. These 
hew adults should attempt to secure the best territorial 
Sites available and once a site is secured it is unlikely to 
be lost to an intruder (McNicholl 1978). Whether or not a 
two-year old acquires a persistent site will depend, in 
part, on how many persistent sites became vacant in the area 
he occupied as a yearling. It may also depend on being the 
first to find and recognize that a site is not occupied. 
Chance, therefore, is likely one factor determining whether 
or not a particular male obtains a persistent or transient 
Site. 

Over the ten year period of this study vegetative 
structure on Comox Burn changed dramatically. In 1969 
Dougias fir plantations were still at early stages of 
regeneration. By the final two years of the study some areas 
were entering "very dense" stages (Figure 1). Because 
recruitment to populations of blue grouse is not affected by 
density of conifers until "very dense" stages are reached 
(Redfield et al. 1970), I believe that the changes in 
vegetative structure from 1969 to 1978 likely had little 
effect on the status of a Site in terms of its suitability 
as a territory. There was no evidence that transient sites 
were found more often in areas where vegetative structure 
had changed the most during this time (Figure 1). This 


contrasts to Boag's (1976) report for ruffed grouse where 
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Changes in vegetative structure around perennial centres, 
occurring over Short periods of time, resulted in some 
becoming transient. 

A general absence of territorial behaviour in yearling 
males seems important because they are physiologically 
Capable of breeding (Simard 1964). Also, approximately half 
of the transient sites were vacant each year. Thus, some 
yearlings must delay breeding. Wiley (1974a, b) postulates 
severai reasons for the evolution of delayed breeding. If 
early survival and later reproduction are enhanced by 
delaying breeding, such a system could evolve (Wiley 1974b). 
Yearling males likely could not compete with adult males for 
persistent sites and taking transient sites would result in 
life expectancy being reduced. The advantage in possessing a 
persistent Site would be even greater if males on these 
Sites are performing most of the breeding, as is the case 
with dominant males in several lek-forming species (Ballard 
ands RObDeLIAAITASe Kruigt etPeals) 1972saWileya1973,781974a). This 
seems possible since more females are found around 
persistent than transient sites in early spring. Therefore, 
it may be advantageous for yearling males not to select 
transieat sites, but instead to delay breeding until 
becoming adult when chances of obtaining a persistent site 
are presumably increased. Nevertheless, life expectancy 
declines with age. Thus, it may not be advantageous for 
adult males to delay breeding, so some individuals not 


securing persistent sites would settle on transient sites 
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and attempt to preed on then. 

The pattern of use of territorial sites displayed by 
male blue grouse suggests that territorial behaviour should 
not be limiting numbers of adult males obtaining 
territories. Bendell and Elliott (1967) also concluded that 
territorial behaviour was not determining numbers of blue 
grouse. A "surplus" of adult males should not exist since 
Many transient siteS are vacant each year. Indeed, several 
past removal studies failed to detect a surplus of adult 
males among populations of blue grouse ((Bendell and Elliott 
15967; Bendeli et al. 1972; Zwickel 1972). However, Lewis 
(1979) provides evidence which suggests that surplus adult 
males are present in blue grouse. Regardless of whether or 
not there are surplus adult males, now should yearling males 
be considered? They are physiologically able to breed but 
apparently do not do so. Between 1969 and 1978, 141 banded 
yearlings were identified on Comox Burn and only one was 
territorial. Potential breeders, that do not breed, are 
therefore present in populations of blue grouse. Removal 
experiments have demonstrated that yearling males will 
occupy territories if adult males are not present (Bendeil 
et al. 1972; Zwickel 1972). Presence of potential breeders 
that are prevented from doing so by residents, is one 
requirement that must be satisfied if territorial behaviour 
is to limit numbers of breeders (Klomp 1972). A second 
reguirement, that all suitable space for territories be 


occupied (Klomp 1972), is apparently not true in blue 
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grouse. However, if yearling males delay breeding to 
increase their chances of obtaining a persistent site, 
optimal areaS (e.g. persistent sites) may be the only space 
which should be considered. Since territorial behaviour 
seems to limit numbers of males occupying optimal areas, and 
hence may be a factor causing yearling males to delay 
breeding, it should not be ruled out as a factor determining 
numbers of breeding males. 

Following a slight increase in numbers of territorial 
mMaies on Comox Burn from 1969 to 1971, numbers remained 
relatively stable at approximately 80 males. This occurred 
despite large fluctuations in annual production (Zwickel et 
al. 1979). If transient sites correspond to the Level 2 or 
Suboptimal habitat of Brown (1969), numbers of males 
occupying transient sites should fluctuate in relation to 
annual production. Why has this not occurred (Table 2)? 
Perhaps yearlings are interacting among themselves and some 
exclude others from an area. This would increase the chance 
of those not excluded obtaining a persistent Site. 
Interaction among yearlings is suggested by the fact that 
surplus yearlings are available for recruitment to areas 
where residents have been removed (Bendell et al. 1972; 
Zwickel 1972). Alternatively, Zwickel (1972) hypothesizes 
that adults may be excluding yearlings. As a result of these 
interactions numbers of yearling males on an area may remain 
relatively stable from year to year. Since annual mortality 


is also relatively constant (Zwickel and Bendell 1967), this 
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could account for the stability in numbers of adults using 
transient sites each year. 

In conclusion, territorial sites used by male blue 
grouse differ in their suitability as breeding sites. These 
dizferences result in some sites being used every year, 
others only sporadically. This pattern of use has several 
immediate and evolutionary consequences. Two important 
guestions remain to be answered. First, how do persistent 
and transient sites differ, and how do these differences 


affect a territory's suitability as a breeding site? 
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Table 1: Frequency of use of territorial sites occupied 


by male blue grouse on Comox Burn, 1969-1978. 


Number of 


years used 1 a 3 a 5 6 , 8 9 10 


Numbder of 


sites thy Simi 2 miss) titeae ii 2p) 16 30 


; fae i ‘ 
i wi ‘ ay sch : " 1 
* ( 1 b. '} gi a Buen 5 


Sieh Bl P a o ay on 


ibe 
a 5 alee. 
| ¥ > I talk a ry " 
: fi ORL sh oat: ye 
; Cee a) 
ek BF 
y ad 


; : Al ae , ee mihi 4 f ne wee iy . re 
24 G£ aes @ » *ee 6 8 28 4 i A 7» ee; ¥ e " a ey 
2 i) ; ft y 43 


} : . 0 a 7 hh i - 
JB ET ra ; owe 4 a Wik yen 
A ; ; tk ml ay 
| | 06 
< 4 bar unre Th 
é t OE See ie 
ul iN 
: Pu ab an) naar 
ea | b4sstne bee inde ay tn dept 
4 ‘i , ' * ) 
tos | , H | ‘ : i 
i Aa 
- a » 2 3 2 tay y i 
wae 1 £O Oe ee v | nad b 
as “ : vy , < . 
) 7 Ms roy ; 
‘ . Pom Sree) mere ee ee apt aang ae cave 
ib : it 
Ley oie, 
. i i, 
‘i oY 
ae i 
4 
oT = ! 


: nd. : 
ad ey yi? 
# ii ; ite ia ‘i nr yay 


Table 2: 


Number of persistent and transient territorial 
Sites occupied by male blue grouse on Comox 


Burn, 1969-1978. 


Territorial Sites Occupied 


Year Persistent Transient Total 
1969 33) 32 69 
1970 39 31 7g 
USA 40 42 82 
A972 44 44 82 
i723 4 4 42 83 
1974 4 4 a7 78 
1975 41 Bu2 ips 
1976 38 34 1: 
A907 41 4 uy 85 
ees 4Q 36 76 


Totan 6 She 306 770 
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Table 3: Survival of male blue grouse occupying persistent 
and transient territorial sites on Comox Burn, 


(MoS 3a SF Bere 


Survival (yrs) 

eee SS ON GG. 7 48) Seer Or. 1 hc Mean N 
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LEON) peCSIS-) size wie wo, 10°11 ~Bo 6°31 3 ie de 81 
tent sites 
No. of males 
from tran- SUR Zee oenhOm OmeD 2 Oo. OO ) O08” 27.60 94 
Sient sites 
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Figure 1: Vegetative structure (after Bendell and Elliott 1967) in 
1977 and dispersion of activity centres of persistent and transient 


Sites on Comox Burn. 
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Paper 2: REMOVAL AND REPLACEMENT OF MALE ELUE GROUSE ON 
PERSISTENT AND TRANSIENT TERRITORIAL SITES 
Abstract 
Original occupants and subseguent replacements were 


removed from a series of "persistent" and "transient" 


obscurus fuligin 
settled on persistent sites. Most replacement males were 
adults which likely would have remained nonterritorial, 
hence been non-breeders, if persistent sites had not been 
made available through artificial removal. Replacement maies 
had smaller testes than those of resident males collected at 
comparable times. Existence of nonterritorial adult males 
suggests that territorial behaviour may limit breeding 
densities of adult males in populations of blue grouse. This 
possibility, and other implications raised by this 


experiment are discussed. 
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Introduction 
Some sites used by male blue grouse for territories are used 
every year ("persistent" sites) while others are occupied 
only intermittently ("transient" sites) (Lewis 1979). 
Approximately half of the transient sites on one study area 
were vacant each year. Males on persistent sites survived 
longer and had more females found near their territories 
than males occupying tranSient sites. These results suggest 
that persistent sites are better than transient sites for 
satisfying the display and mating functions of territories 
of blue grouse (Lewis 1979). If persistent sites are most 
Suitable, males should preferentially select these areas for 
territories. 

Possession of a territory is generally considered a 
prereguisite for breeding (Bendell and Elliott 1967). I also 
used my results noted above to suggest an explanation for 
the near absence of territorial behaviour among yearling 
male blue grouse (Bendell and Elliott 1967). I hypothesized 
that yearling males, which are physiologically capable of 
breeding (Simard 1964), could not compete with adults for 
persistent sites, and rather than select transient sites for 
territories they delayed breeding until adulthood, when 
Chances of obtaining a persistent Site might be greater. The 
general fhenomenon of delayed breeding has been discussed in 
more detail by Selander (1965) and Wiley (1974a, b). If ny 
argument is true, yearlings should take territories if 


persistent sites are available. Indeed, past removal studies 
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with biue grouse have demonstrated that yearlings will 
occupy territories when adults are removed (Bendell and 
Elliott 1967; Bendeli et al. 1972; Zwickel 1972). However, 
in those studies quality of sites was not determined and it 
was impossible to tell if yearlings that took territories 
selected only optimal sites. 

The objective of this study was to test the hypothesis 
that males prefer persistent sites for territories. This was 
done by undertaking an experiment in which original 
occupants and all subsequent replacements were removed fron 
a series of persistent and transient sites. If the 
hypothesis is correct, replacement males should 
preferentially settle on persistent sites. Since persistent 
Sites were made available artificially it also served as a 
test for the hypothesis that yearling males delay breeding 
because they are unable to obtain persistent sites. This 


experiment was carried out in the spring of 1978. 
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Study Area 
The area used for this experiment was basically that of 
Lewis (1979) and territorial sites had already been 
classified as persistent or transient. This 485 ha area, 
Comox Burn, lies on the east Slope of Vancouver Island 
approximately 14 km west of the town of Courtenay, ina 


menziesii) and western hemlock (Isuga heterophylla) 
biogeoclimatic zones (Krajina 1965). The area was clearcut 
between 1947 and 1961, and in September 1961 was burned by 
wiidfire. Replanting with Douglas fir was essentially 
complete by 1964. In 1977 vegetative structure of most of 
the area was "open" (Bendell and Elliott 1967), but some 
areas were becoming "very dense" (Figure 1). Since 
replacement to populations of blue grouse begins to decline 
as "very dense" stages of vegetative structure are 
approached (Redfield et al. 1970) all removal sites were 
selected in areas classified as "open" in 1977 (Figure 1). 


More details concerning Comox Burn can be found in Zwickel 


and Bendell (1967, 1972). 
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Methods 
Locations of territorial males on Comox Burn were determined 
in early April. Pointing dogs and hooting (singing) by these 
males aided in their detection. Most males occupying 
territories had been located and individually identified, if 
banded, by 11 Aprii. Removal, by shooting, of original 
occupants or persistent and transient sites began at this 
time. Although scme transient sites are vacant each year, 
only areas occupied in 1978 were used in this experiment to 
ensure that all experimental transient sites were acceptable 
as territories in 1978. Males were removed as guickly as 
possibie and the number of persistent and transient sites 
vacant was about equal at any given time (Table 1). This 
reduced any potential bias that would be produced by having 
a greater number of one type of site vacant at any one time. 
Original occupants of 11 persistent and 11 transient sites 
had been removed by 25 April. Removal of original occupants 
was terminated at this time leaving several territories in 
adjacent areas still occupied. Efforts were then 
concentrated on removal of replacement males. 

Experimental sites were generally searched on a daily 
basis, uSually by two people. An attempt was made to check 
each of these sites at least once a day and on most days 
some sites were checked twice. Any males that settled on 
removal sites were Shot. Mere presence of a male was not 
sufficient as a criterion for replacement. Males were 


considered to have settled only if they were seen hooting. 
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This implies that the male is using and defending the area 
Since hooting is used by male blue grouse to announce 
occupancy of a territory (Bendell and Elliott 1967; 
McNicholl 1978). Further, males had to be hooting within the 
activity centre (Lewis 1979) of a removal site. This 
criterion was added to ensure that adjacent males had not 
merely expanded their territories onto the edge of vacated 
Sites after previous residents had been removed. Most 
replacement males were removed within a day after settling 
on a vacated site. 

Necropsies were performed on all collected birds. 
Testes and spleens were weighed on a portable single beam 
balance accurate to 0.01g, other body organs on a triple 
beam balance accurate to 0.1g (Some organs were destroyed by 
shot and were unavailable for analysis). 

T-tests or chi-square tests were used for all 
statistical comparisons and probability levels of 0.05 or 


less were considered significant. 
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Results 
Evidence that males prefer persistent sites for territories 
initially came from an examination of territorial shifts 
made by individual males on Comox Burn between 1969 and 
1978. During this period, 11 males moved from transient to 
persistent sites while only 3 made the reverse move. These 
data are significantly different when compared with an 
expected ratio of 1:2 (on Comox Burn there were twice as 
Many transient as persistent sites) (p < 0.001). 

The first replacement male was removed on 13 April. 
Males continued to settle on removal sites until 1 June, 
with 1 to 5 replacements removed per week (Figure 2). Median 
time for recruitment, following removal of prior occupants, 
was 10 days, although 2 replacements occurred as soon as 2 
days after an occupant had been removed. 

Significantly more replacement males settled on 
persistent than transient sites (20 vs. 4, respectively) (p 
< 0.01). Seven persistent sites had more than one 
replacement while maximum replacement on a transient site 
was one (Table 2). Only 4 males (17%) shifted from 
neighbouring territories and all were to persistent sites. 
Since I attempted to remove males aS soon as they were found 
hooting on a removal site, I do not know whether males that 
shifted had abandoned their former territories or whether 
both areas would have been used. 

Only 2 yearlings settled on removal territories and 


both selected persistent sites. With the exception of the 4 
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males that shifted territories, the remainder of the 
replacements (18) were adults that had not previously been 
recorded as territorial on Comox Burn. Twelve had previously 
been banded as adults, yearlings, or juveniles, all on Comox 
Burh OF an immediately adjacent area. It is unlikely that 
any had occupied territories off the study area since adult 
Males tend to return to the area they occupied as yeariings 
(Sopuck 1978). Also, as demonstrated by the infreguent 
number of territorial shifts made on Comox Burn, males tend 
to remain on their territory once one is obtained and any 
shifts which are made are generally to adjacent areas. Known 
ages of replacement adults, other than those shifting 
territories, ranged from 2 to at least 5 years (Table 3). 
Mean weight of new (i.e. those having no previous 
history of territorial occupancy) adult replacements (1240 + 
24g, N = 16) did not differ from that of a sample of banded 
territorial males (1284 + 11g, N = 50) from Comox Burn 
between 1970 and 1978 (p > 0.05). Weights of only 16 
replacements were used as two were not recovered after being 
shot. Small sample size (2) precludes any statistical 
comparison between weights of replacement yearlings in this 
experiment and yearlings that were nonterritorial. However, 
average weight of the 2 yearlings collected in this study 
(ley + J.5¢d) \did not differ greatly from that of yearlings 
that were nonterritorial and banded on Comox Burn between 
1969 and 1978 (1107 + 9g, N = 126). Body size therefore, did 


not appear to be a factor in determining whether or not 
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males took territories. As well, other data from necropsies 
(Table 4) did not reveal any differences between adult 
replacements and males removed as original occupants, with 
the possible exception of weights of testes (Figure 3). 
Weights of testes of replacement adults could not be 
compared directly to those of original occupants because 
testes undergo seasonal variations in size (Simard 1964). 
Data on Seasonal changes in weights of testes of territorial 
blue grouse from an area near Campbell River, Vancouver 
Island (40 km NW of Comox Burn) are provided py Simard 
(1964), however. These two areas are relatively close so it 
is likely that testes of blue grouse on Comox Burn undergo a 
Similar cycle of weight change. Testes of adult replacements 
taking territories for the first time were distinctly 
Staller than those of resident males examined by Simard 
(1964) at comparable times while the testes of original 
occupants and males that shifted territories were Similar in 
weight tc these of Simard's resident males (Figure 3). 
However, Since Simard (1964) did not provide standard 
errors, conclusions from these results must be viewed as 


tentative. 
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Discussion 
Persistent sites received significantly more replacement 
Males than transient sites, all shifts made by neighbouring 
males were to persistent sites, and both yearlings that took 
territories selected persistent areas. These results 
strongly Support the hypothesis that males prefer persistent 
Sites for territories. 

Although several yearling males were known to be 
present on Comox Burn in 1978, only two took territories on 
removal sites. This does not lend strong support to the 
hypothesis that yearling males delay breeding because they 
are unable to obtain persistent sites. In previous 
experiments yearlings have become territorial following 
removal of residents (Bendell and Elliott 1967; Bendell et 
al. 1972; Zwickel 1972). In these cases, however, all 
residents were removed from experimental areas, while in my 
study removal sites were interspersed among cccupied 
territories (Figure 1). The presence of established 
residents may have prevented yearlings from taking 
territories by inhibiting full sexual behaviour even though 
yeariings go through normal testicular cycles when adults 
are present (Simard 1964). Perhaps direct behavioural 
interactions with adult males (either established or 
replacement), both on and off removal sites, prevented 
yearlings from taking territories. If true, the hypothesis 
that yearling males are nonterritorial because persistent 


sites can not be obtained should not be rejected. 
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Males occupying transient sites in surrounding areas 
did not readily move onto vacated persistent sites despite 
the fact that these are preferred areas. This is not 
Surprising as male blue grouse do not frequently change 
territories under nonremoval conditions. From 1969 to 1978 
only 23 banded males on Comox Burn (out of 630) moved to 
different territories. Security is likely enhanced by site 
famiiiarity and territorial males may be reluctant to move 
to new areas even though they might be more suitable. Krebs 
(1971) found such an occurrence in great tits (Parus major). 
He renoved territorial pairs from an area of mixed woodland 
(Optimal habitat) and observed that most replacements were 
young individuals that had formerly held territories in 
hedgerows (suboptimal habitat). Adult birds were also 
occupying suboptimal habitat but did not move to the removal 
Sites. Aliso, if a male moves from one territory to obtain 
another he may be unsuccessful and also lose the area 
previously held. 

Adult males begin arriving on Comox Burn in late March 
and most occupy territories when females begin arriving in 
mid-April (F. C. Zwickel, pers. comm.). Even though most 
breeding does not occur until early May (Zwickel 1977), 
males may have to occupy territories when hens arrive 
because females may be assessing them as breeding partners 
at this time. However, most replacements occurred after 
mid-April (Figure 2). Despite the fact that many replacement 


males settled on territories after the time when they might 
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be successful in breeding in that year, by doing so, a site 
was secured for future years. This would be beneficial if 
persistent sites were obtained but since males form strong 
Site attachments for territories, it would not be 
advantageous to select transient sites as chances of 
Surviving and reproducing might be reduced (Lewis 1979). 

Eighteen of 24 replacement males were adults which had 
no known history of territorial occupancy. Most appeared on 
removal sites after mid-April (Figure 2). Since established 
Males are usually on territories at this time, it is highly 
probabie that in the absence of artificial removal these 
birds would not have secured territories. Possession of a 
territory seems a prerequisite for breeding in male blue 
grouse (Bendell and Elliott 1967) and the presence of 
replacement adults suggests that nonxbreeding adult males 
were present in this population. This was largely unexpected 
since results frcem previous removal experiments with blue 
grouse (Bendell and Elliott 1967; Bendell et al. 1972; 
Zwickel 1972) produced no evidence for the existence of 
"surplus" adult maies. A reservoir of non-breeding males has 
been suggested to exist in populations of ruffed grouse 
(Bonasa umbellus) (Gullion 1967). 

Although other removal experiments have been performed 
On populations of blue grouse (cited above) here is the 
first substantial evidence that non-breeding adult males 
exist. If a surplus of non-breeding adults is normally 


present, why were they not discovered by previous workers? 
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Zwickel (1972) did not begin removing birds until 17 May. 
Non-breeding adults may have left the removal area by this 
time. Also, by this time, testes are regressing (Simard 
1964) and a stimulus to initiate territorial behaviour may 
be low. In all of these earlier studies all, or nearly all, 
birds were removed from experimental areas. The absence of 
other birds, both male and female, may have deterred 
non-breeding males from settling. The potential importance 
of the presence of other males is suggested by results 
obtained by McNichoii (1978) who found that male blue grouse 
tend to hoot in groups. Since previous experiments involved 
total removals, but mine only selected removais, perhaps the 
difference in experimental design accounts for the 
difference in results. In addition, the population used by 
Bendell et al. (1972) was declining and all aduit males 
there may have been obtaining preferred sites. 

Bendell and Elliott (1967) concluded that territorial 
behaviour did not limit the breeding density of blue grouse. 
However, presence of non-breeding adult males, which are 
physiologically capable of breeding, suggests that 
territorial behaviour can limit the density of breeding 
Males. Klomp (1972) indicated that territorial behaviour 
could not limit numbers unless all suitable space was 
occupied. How should unoccupied transient sites be 
considered then? Since some males apparently delay breeding 
because persistent sites are not secured, perhaps only 


optimal areas should be considered. In any event territorial 
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behaviour cannot be ruled out as a factor influencing the 
density of breeding male blue grouse. 

Why might non-breeding adults not select transient 
Sites for territories since some are always vacant? 
Nonterritorial aduits may behave like yearlings. Even as two 
year oids some may be unable to secure persistent sites. 
Rather than occupying transient sites, to which they would 
be committed in future years, it may be advantageous to 
delay breeding and attempt to obtain a persistent site at a 
later time. As with yearlings, the selective value of 
delaying breeding will depend on life-expectancy and 
potential for increased reproduction later (Wiley 1974a, b). 
We know that survival is higher on persistent sites and that 
males occupying these areas had more females near them in 
early spring than those occupying transient sites (Lewis 
1979). We do not know, however, whether females 
preferentially select males on persistent sites to breed 
with, but if so, selection would be strong for males to 
delay breeding (Wittenberger 1978) if such a site is not 
available. Any advantage in not breeding would have to be 
balanced against the probability of death amongst 
nou-breeders and against the probability of securing a 
persistent site at a later date. 

Brown (1969), in describing density levels, 
hypothesized that non-breeders should not be present in 
populations until all optimal and suboptimal habitats are 


filled. If transient sites are considered suboptimal 
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habitat, then non-breeding males were appearing before all 
Suboptimal areas were occupied. The behaviour of males could 
explain why blue grouse failed to comply with Brown's 
hypothesis. Rather than taking territories in suboptimal 
areas, non-breeding males may delay breeding so that 
attempts can be made at securing persistent sites later. 

Since testes of replacement males were smalier than 
those of resident males, an alternative that shouid be 
considered is that non-breeders do not occupy territories 
because they are not sufficiently stimulated to defend then. 
This does not seem plausible though because even with 
Smaller testes they took territories when persistent sites 
became available. Perhaps males may not become fully 
stimulated sexually until territories are occupied, a 
Situation similar to that suggested for female blue grouse 
by Hannon (1978). 

Several guestions remain to be answered. How long wiil 
males delay preeding before selecting transient sites if 
persistent sites are not available? How successful are 
non-breeding adults at securing persistent sites at later 
times? How does the mortality rate of non-breeders compare 
with that of residents? As well, the critical question of 
whether or not males on persistent sites breed more than 
those on transient sites needs to be examined more closely. 
Long term radio-telemetry studies may help to answer some of 
these questions and the availability of reliable 


solar-powered transmitters now makes this feasible. 
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Tavle 1: Cumulative number of original occupants removed 
from persistent and transient sites on Comox 


Burn in 1978. 


April 
Date i l2 So OTE Toa AW ets), 19420..25 
No. Ot birds removed 
from persistent sites 2AaSeowesy 6) WO NOLO 30409 14 
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Tabie 2: Number of replacement males settling on each 
persistent and transient removal site on 


Conox Burn an wigo/s. 


No. of replacements 
0 1 Z 3 
Number of 
persistent 2 Z 2 4 
sites 
Number of 
transient 7 4 0 0 


sites 
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Table 3: Ages of banded adult replacement males (males 


that shifted territories are in parentheses). 


AGey (yrs) 
2 3 3+ 4 5+ 6+ 8+ 9+ 
Number of 


individuais 8 1 1 1(1) 1 (1) (1) (1) 
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Tabie 4: Comparisons of absolute weights (g) and proportions 
of total body weights of hearts, livers, and 
Spleens of original and replacement adult male 


blue grouse removed from territories on Comox Burn 


in 1976. 
Original Replacenent 
Mean Deb. Mean SE. p* 
Heart wt. 602621) =* 0,20 6.65(15) 02150 0.74 
PTrOp. Of EBoOWs 0200503 0.00016 0. 00539 03900035 0537 
Liver wt. 22.24(21) U6 2 21.99(14) 0.98 Ono 2 
PEOp. Of Bow... (0.01639 0.00045 Qs04783 0.00092 0.18 
Spleen wt. 1.62(21) Oanty 1.46(14) OY a Os o3 
Prop. of BeW.e. 0.00120 0.00013 0.00118 0.00011 0.94 


e@eeoeeseeeee*eeeeeeeeueoeseee8kfeeee eeseeoee0eeee¢eexneeeeseee @®eeeev#eoese @ee0uo5eeeseeces3s+eee 


* Probability level. 


**x Sample size in parentheses. 
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REMOVAL SITES 
PERSISTENT — @ 
TRANSIERT — O 

NONREMGVAL SITES —A 


VEGETATION 
YiiiiiA VERY OPER 
[_] OPER 
MQ gy cENSE 
[77] very oEKSE 


Figure 1: Vegetative structure (after Bendell and Elliott 1967) in 


1977 and locations of removal and nonremoval territories in 1978. 
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Figure 2: Number of replacement males removed from experimental sites 
per week, April 10 to week of 29 May. 
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Figure 3: Weights of testes of original occupants and replacement adult 
male blue grouse on Comox Burn in 1978 as compared to mean weights 


reported by Simard (1964) for resident territorial males at Middle 
Quinsam Lake, Vancouver Island (shift refers to males that moved from 


adjacent nonremoval sites to removal sites). 
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Paper 3: CHARACTERISTICS OF PERSISTENT AND TRANSIENT 
TERRITORIAL SITES OF MALE BLUE GROUSE 
Abstract 
Vegetative and topographic features of territorial 
Sites of blue grouse (Dendragapus obscurus fuliginosus) that 
were occupied continuously over a ten year period vere 
compared to those of sites used in some years only. 
Vegetative parameters measured included per cent of ground 
covered by each species of plant, combined ground level 
coverage of herbs, shrubs, and trees, and heights and sten 
densities of trees. Slope of the area around the activity 
centers of territories and distances from activity centers 
to nearest areas of equivalent elevation were the 
topographic characteristics measured. No significant 
differences were found between these two types of sites with 
respect to any of these features. Distance to nearest area 
of eguivalent elevation was the only parameter that 
approached. sigrificance. Effects of these structural 
characteristics of territories on the survival and 


reproductive potential of the males occupying them are 


discussed. 
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Introduction 
Male blue grouse are promiscuous (Bendell and Elliott 1967; 
Wiley 1974) and occupy territories which are primarily used 
aS areaS where they can display to and mate with females 
without interference from other males (Bendell and Elliott 
1967; McNicholl 1978). Lewis (1979a) found that male blue 
grouse used some sites for territories every year and others 
only intermittently. These were termed "persistent" and 
"transient", respectively. Males that occupied persistent 
Sites lived longer and had more females near their 
territories in early spring than those uSing transient 
Sites. Males occupying persistent sites may therefore have 
more opportunities for breeding than thcse on transient 
Sites. Experimental evidence suggests that persistent sites 
are preferred by males (Lewis 1979b). The question then 
arises: How do these two types of site differ? 

The purpose of this study was to examine selected 
characteristics, vegetative and topographic, of persistent 
and transient sites to see if they differ. Although 
availability of food was examined, structural 
Characteristics that are most likely to affect a male's 
ability to escape predators and attract and display to 
females were stressed. These included measurements of 
availability of cover, "openness" of territories, and 
relative heignt of territories in relation to surrounding 
areas. Territories tend to be located on elevated areas that 


are relatively open (Bendell and Elliott 1966, 1967) and 
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these features may affect a male's chances of breeding. 

F. C. Zwickel and M. Sullivan provided helpful 
discussion and suggestions and M. Sullivan assisted in the 
field. Studies were conducted on lands of Crown Zellerbach 
of Canada Limited and financial support came from the 
British Columbia Fish and Wildlife Branch, the National 


Research Council of Canada, and the University of Alberta. 
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Study Area 

Comox Burn, a 485 ha area on the east slope of Vancouver 
Island, British Columbia, approximately 14 km west of 
Courtenay, served as the study area. This region is 
and western hemlock (ZIsuga heterophylla) biogeoclimatic 
zones (Krajina 1965). 

Comox Burn was logged by clearcutting between 1947 and 
1961 and in September 1961 was burned by wildfire. 
Replanting with Douglas fir was almost complete by 1964. In 
1978, when vegetative parameters were measured, vegetative 
structure of parts of the area were "dense" or "very dense" 
but the majority was still "open" (see Bendell and Elliott 
(1967) for classification criteria). Additional information 
about the study area can be found in Zwickel and Bendell 
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Methods 

In spring 1978 a removal experiment was conducted on Comox 
Burn to examine rates of replacement to persistent and 
transient sites (Lewis 1979b). The same sites (11 
persistent, 11 transient) used in that experiment were 
utilized fcr comparison in this study. Since rates of 
replacement to populations of blue grouse may be reduced in 
areaS with "dense" or "very dense" vegetative structure 
(Redfield et al. 1970), all territorial sites selected for 
the removal experiment were in areas classified as "open". 

Species and per cent ground cover of herbs, shrubs, and 
trees were measured in August using the canopy coverage 
method (Daubenmire 1959). Per cent area covered by debris 
(logs, stumps, etc.) and amount of area represented by bare 
ground were also recorded. On each territory a point within 
the activity center (Lewis 1979a) was selected at randon. 
One canopy coverage plot was located at this point. Four 
additional plots were placed one meter away, one in each of 
the 4 cardinal compass directions. This gave a total of 55 
piots from the activity centers of each type of territorial 
site (persistent and transient). These data were used to 
compare vegetative cover of the activity centers of 
persistent and transient sites. Four more plots on each 
territory were located in each of the 4 cardinal compass 
directions, at 20 meters from the central plot within the 
activity center. These pilots plus that in the center were 


used to evaluate plant coverage on the territory as a whole. 
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Canopy coverage of food plants within the plots covering the 
whole territory were used to estimate availability of food. 
A technique Similar to that outlined by De Vos and 
Mosby (1971) was used to estimate ground level density of 
herbs, shrubs, debris, and trees within each teritory. A 
Square board (30.5 x 30.5 cm) with a checkerboard pattern of 
8 red and 8 white Squares painted on it was used; this board 
approximated the dimensions of a grouse. Within the activity 
center of each territory, a tree stump that had been used as 
a Singing post (determined by previous knowledge or presence 
of faecal droppings) was selected as an observation point. 
The cover board was placed on, and perpendicular to, the 
ground 5 meters away and in a northerly direction from this 
point. An observer positioned so as to Simulate a grouse 
standing on the stump then counted the number of squares 
that were visible. Squares more than half hidden by debris 
or vegetation were not counted. Seven additional 
measurements were made by repeatedly moving the board 5 
meters in a linear direction away from its previous position 
while the observer remained in place. This procedure was 
repeated towards the east, south, and west, giving 32 
observations per territory. These measurements were made in 
early May corresponding to the period of peak breeding on 
Comox Burn (Zwickel 1977) and were used to give an estimate 
of visibility and openness within each territory. 

Heights and stem densities of trees were estimated on 


each territory. These estimates give an additional 
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indication of the openness of a territory. Within each 
territory a tree was selected by standing in the middle of 
the activity center and walking in a random direction to the 
hearest one. The height of and distance to the nearest 10 
trees from this central tree were then measured. No 
distinction was made between species but Douglas fir was by 
far the most prevalent species. Similar sets of data were 
recorded from 3 more iocations in each territory. The 
central trees for these additional plots were selected by 
again Standing in the middle of the activity center and 
walking to the nearest tree using directions at 90, 180, and 
270 degrees to the original random direction. Distance fron 
the central tree to the nearest tenth tree was used as an 
index of stem density on a territory. 

Slopes around the activity center were estimated in 4 
directions on each territory by measuring the incline of a 
string stretched between 2 poles set perpendicular to the 
ground and 10 meters apart. fhe initial slope was taken in 
the direction of the general exposure of the area, beginning 
at the middle of the activity center. The remaining 3 were 
in directions 90, 180, and 270 degrees to this. Uphill 
slopes were assigned a negative value. The total of these 4 
measurements was used as an estimate of the average slope 
around the activity center of each territory. 

Aerial photographs viewed stereoscopicaily were used to 
estimate distances from activity centers to nearest areas of 


equivalent elevation. This measurement gives an indication 
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of the relative height of the territory in relation to the 

surrounding area. If a territory was situated on a hillside 
and had no distinct height of land associated with it this 

distance was recorded as 0. 

Subjective ratings of openness of overstory and 
understory were made independently by 2 people. Ratings were 
based on a scale of 1 to 10, with lower values representing 
greater openness. In general, ratings of openness of 
overstory represented evaluations of coverage produced by 
trees while openness of understory corresponded to visual 
estimates of coverage of herbs, shrubs, and debris at ground 
level. 

Statistical comparisons were made with t-tests unless 
otherwise noted and probability levels of 0.05 or less were 


accepted as significant. 
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Results and Discussion 

Data gathered from long-term studies of blue grouse suggest 
that predaticn on territorial males may be relatively heavy 
during the breeding season (F. C. Zwickel, pers. comm.). To 
examine availability of cover on persistent and transient 
Sites, per cent coverage of all potential cover items was 
grouped into 3 categories; debris, trees and shrubs, and 
heros. The first 2 represent cover present year round while 
herps are Significant as cover only in Summer. In all 3 
categories activity centers of persistent and transient 
Sites did not differ with respect to amount of cover. This 
was also true for territories as a whole (Table 1). Tree 
heights and stem densities were also Similar on persistent 
and transient sites (fable 2). AS indicated earlier, males 
On persistent sites Survived longer than these on transient 
Sites. Assuming that predation is a major source of 
mortality this suggests that persistent sites offered better 
security from predators than transient sites. Since the two 
types of sites did not differ in cover measures, perhaps it 
is the dispersion of cover items, rather than amount, which 
is important. Alternatively, males on persistent sites may 
have better vantage points from which to detect predators or 
they may be more wary than those on transient sites. 

The importance of open areas On territories of blue 
grouse has been noted by several authors (Bendell and 
Elliott 1966, 1967; Blackford 1958, 1963; Martinka 1972). 


Open areas increase visibility and allow males to detect the 
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presence of females and potential predators. In addition, 
blue grouse have elaborate mating displays (Hjorth 1970; 
McNicholl 1978; Stirling and Bendell 1970) and open areas 
May be important for the performance of these activities. 
Openness of territories was evaluated by using data from 3 
sources; amount of bare ground in canopy coverage flots, 
Subjective ratings of openness of overstory and understory, 
and cover board readings which gave an indication of the 
density of vegetation and debris at ground level. Again, no 
differences were found between persistent and transient 
Sites py any of these methods (Table 3). Amount of cover and 
openness will be inversely related. Both may be important to 
territorial males, the first with respect to survival, the 
second to breeding activities. 

Male blue grouse Signify occupancy of a territory by 
hooting (Singing) and in doing so attempt to attract females 
(Bendeill and Elliott 1967; McNicholl 1978). The distance 
that this song may travel will be affected by the topography 
of the territory and surrounding area. Bendell and Elliott 
(1966, 1967) reported that territories were usually located 
on elevated areas. This is also true on Comox Burn. Thus, 
topography may affect the suitability of a site as a 
territory. Neither average slopes around activity centers 
nor distance to nearest area of equivalent elevation were 
different between persistent and transient sites (Tables 4 
and 5). The difference between the two types of site with 


respect to nearest area of equivalent elevation did approach 
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Significance, however, (p = 0.12) and if sample size was 
increased this night be significant. 

Relative availability of food on persistent and 
transient sites was compared by summing per cent cover fron 
canopy coverage flots of major food plants on each 


territory. Species considered as major food plants were 


<a we we ee ee > ae ee ce eee ee ee Se ee Se ee Se ee 


willows (Salix spp.). Average ground cover of these plants 
waS Similar for persistent and transient sites (p > 0.1). 
This technigue gives only a gross estimate of food 
availapility and does not take into consideration the fact 
that some types of food (e.g. berries) are present only 
during certain periods. Also, per cent ground area is not 
necessarily a good estimate of the volume of food provided 
by each species. However, in spring, when territorial and 
breeding activities are greatest, males are subsisting ona 
diet consisting mainly of conifer needles (King 1968). 
Intuitively, it seems unlikely that food in this form could 
be limiting since the entire area is comprised of Douglas 
fir plantations. Nevertheless, quality of food could be 
critical (Moss et al. 1975; Watson and Moss 1972). The 
importance of this factor on selection of territorial sites 


is unknown but other studies suggest that densities of blue 
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grouse are not related to the nutrient quality of the soii 
or the nitrogen content of the vegetation (Zwickel and 
Bendell 1972), and the density of territorial males remained 
the same on one study area after fertilization with urea 
(Zwickeivet als; 19:79)? 

Thus, persistent and transient sites did not differ 
with respect to any of the variables measured. Also, no 
Significant difference was found when all parameters were 
combined and ccmpared in a Single mnulti-variate test 
(HOPeL ing Us pT 20=1265 957 ep i>10 2105 7 .Morrisone196G7) « 

Martinka (1972), working with blue grouse in Montana, 
compared vegetative and topographic features of territories 
used continuously and intermittently over an 8 year period. 
He also found no differences between these two types of site 
with the exception that those with continuous occupancy by 
the same male were located at higher elevations. Elevation 
per se may not be important, but rather the height of the 
territory in relation to the surrounding area, as suggested 
by my data. 

Comox Burn has changed from an area nearly barren of 
vegetation following the wildfire of 1961 (Zwickel and 
Bendell 1967, 1972) to one with vegetative structures 
ranging from "very open” to “very dense". Vegetative 
structures on territorial sites have therefore undergone 
dramatic changes. Some persistent sites on Comox Burn had 
very “Littlewvegetation /in 1969 but by 91978 sthey ewere«"very 


dense" (Lewis 1979a). Despite these changes in vegetative 
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structure, recruitment to these sites was not affected. 
Thus, it is not surprising that persistent and transient 
Sites did not differ markedly with regard to vegetative 
variables. 

Boag (1976) stressed the importance of social 


umbellus) settle. Territorial sites on Comox Burn tended to 


be uniformly spaced, however, and transient sites were 
located randomly with respect to persistent sites (Lewis 
1979a). Thus, Social interaction did not seem to determine 
whether a site was used every year or not. 

if persistent sites are more suitable for territories 
than those used intermittently, it remains to be explained 
why. Although survival and breeding potential appear greater 
On persistent sites, I found no differences in vegetative 
and topographic features between them which might affect 
mortality and mating success. Perhaps behavioural 
ditierences exist between males occupying the two types of 
Sites. For example, males on persistent sites may be 
dominant over neighbouring males and females may prefer to 
breed with them. McNicholi (1978) has shown that in groups 
of male blue grouse that sing together, certain males show 
singing dominance. However, one must still explain why males 
with certain behavioural characteristics (e.g. dominance) 
select persistent sites for territories. Alternatively, some 
males may be behaviourally different because they occupy 


"Nhbetter" territories. 
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AS yet then, the question of why some territorial sites 
are more suitable than others cannot be explained. At 
present two alternatives seem to exist. Some sites may be 
more Suitable for territories because they have 
Characteristics which enhance the fitness of the males 
occupying them, or the suitability of a site may merely be a 
reflection of characteristics of the male occupying it. If 
the second alternative is true, the pattern of territorial 
occupancy displayed by blue grouse (i.e. persistent and 
transient sites) would not be expected since males with 
Characteristics that enhance breeding potential should be 
successful irrespective of where there territory is located. 
Since some sites are used every year there must be something 
different about them which attracts males. The method used 
for measuring vegetative and topographic features in this 
study were designed to detect only marked differences. 
Perhaps differences are more subtle, in which case nore 
precise techniques would be required. Possibly the answer 
consists of a combination of these two alternatives. More 
intensive examinations are needed before this question can 


be answered. 
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Table 1; Percentage cover on persistent and transient 


territorial sites on Comox Burn in 1978. 


eeeeeeteeeereeteeseeeveeeee evaeeesweeeeeeeeeceeeeeeeenwnweeeeneeneeeeseeeeaeeeaenes 


Cover provided Persistent Transient 
by Hean*t 5S. hi. Mean* S.E. px** 
Aw Within activity 
centers only: 
Debris E209 m 202 TAS 2 1ee2 20 T 0758 
Shrubs and trees C259) S26 24 I2o2 4.08 0.88 
Herbs 47689 1.92 oS S02 0.54 
B. over territory 


as a whole: 


Debris (RST SUI AT IOS S Uae I 0.97 
Shrubs and trees 13.32 2.84 20573) )-Se29 0.10 
Herbs TeU9) 1e5] 10559) 3243 0.40 


* Average per cent ground area covered (11 persistent, 11 
transient sites). 


** Probability level 
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Table 2: Height of trees ({m) and stem density on persistent 


and transient territorial sites on Comox Burn in 


1978. 
Persistent Transient 
sites Sites 
Mean 5 TBS Mean Syne px 
Tree height B26 Ou25 3.15 O24 0.73 
Index or stem 
density ** Os 0.19 4.07 0. 15 0.84 


* Probability level. 


** See metnods. 
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Table 3: Estimates of openness on persistent and transient 


territorial sites on Comox Burn in 1978 (see text). 


Persistent Transient 
sites sites 
Mean Sakic Mean Sai. px 

Anount of 
bare ground** 53.68 Ge02 44.50 7. 22 0.37 
Cover board 
index 13636 hei cia) 56.18 9.00 0235 
Subjective index*** 

-overstory D209 0.53 eee: 0.37 0.83 

-understory Seon? 0.45 4.32 0.42 Os3d 


* Probability level. 

** Per cent bare ground within activity centers (canopy 
coverage method). 

**x* Average of visual estimates by 2 observers based on a 


scale of 1 to 10, 1 = least cover, 10 = greatest. 
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Table 4: Average slope (degrees) of activity centers of 
persistent and transient territorial sites on 


Comox Burana. 


@eeeeeeseeeseeesneseeeeseeveeereeenweeenveseseeeeeeeeneeesenweeeeenreeeeneee1eeeeeereeeeveeeeeees 


Persistent Transient 
Sites sites 
Mean Ses Mean Salis px 
Siope 366013 6-47 20 aon S503 0.46 


@®eoswoaoo#eoeeeee#senueeee2eaeseee#2e2eee*e@eesee84ese0«xe#*#eenveec4c5scoeeeareseeeeeseceseee#@eeeeeaeeecseeu5seee#e#ee#s?e 


* Probability level. 
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Table 5: Mean distances (m) from activity centers of 
persistent and transient territorial sites 
On Comox Burn to nearest area of eguivalent 


elevation. 


Persistent Transient 
Sites sites 
Mean Sastre Mean Se be px* 


Distance 143.27 46.08 60.36 18. 29 0.12 


* probability level. 


AWS 
; .. 
ek Se 


ne i 


th 7 ‘ i ie i Tan i 
: Mn Why "i ay. 
a an at) 


veneer erae “¥ sce ia) ani ree ar eges 


ee a js 
», f my D. : ina oat. a 2 hut - - = 
ie" ap ‘oe via te 


* ee ede ol, ottye a oe 
Se cane hao inate 
oT) oat > de 09 y Bevan, | Caoeer | 
sshd enete doy eabid ties: elena 


= 


* 


Literature Cited 


Bengell 3. Fs, and (PS Me El avoree (966, 


Habitat selection 
in blue grouse. Condor, 68: 


431-446. 
—-----. 1967. Behaviour and the regulation of numbers in blue 


grouse. Can. Wildl. Serv. 


Rep. Ser. 4. 


76pp. 
Blacktord) 


J». L. 1958. Territoriality and breeding behavior 


of a population of blue grouse in Montana. Condor, 60: 
Oc 6 


1963. Further observations on the breeding behavior 


of a blue grouse population in Montana. Condor, 65: 


Boag, D. A. 1976. Influence of changing grouse density and 


forest attributes on the occupancy of a series of 


potentiai territories by male ruffed grouse. 


Catteni 
ZOOl. _5:4;2 


WW 271136. 


Daubenmire, R. F. 1959. A canopy coverage method of 
vegetation analysis. Northwest Science, 33: 43-64. 


He VOSS, 7A.;, and: Hes. 


Mosby. 1971. Habitat analysis and 
evaluation. Pages 135-172 in R. H. Giles, Jr. ed. 
Wildlife management techniques. Edwards Erothers Inc., 


Ann Arbor, Michigan. 


Hjorth, I. 1970. Reproductive behaviour in Tetraonidae with 


special reference to males. Viltrevy, 7 


: 184-588. 
King, R. D. 1968. Food habits in relation to the ecology and 
population dynamics of blue grouse. M.S. Thesis, Univ. 
British Columbia, Vancouver. 62pp. 
Krajina, V. 1965. Biogeoclimatic zones and biocoensoses of 


ia 


| 
7. 
5 4 
a 
“¢ 
J 
f mea t 54 ad be 
‘. em te f 
: 4 ee - 
) hodsag si eatihatell 
‘s are 7: siere 2b 
be’ bab) teak cae es 
7 n ‘ ; he 
be -3b\\ewtha wh a} ak 
: i i, a Ee , 
. Ve Mt 
¢ i) oe. ee 2 ee i 
nal 21e8b303s. 2baaeuwds ony 


na? 


i 7 7 Ke 
d4ir pebiaonatet al aii one calie o1qey 
a8 TT an 


| i a f 
sezeher 4h | ta hy - 
Wr) veers $1 | Fick iy i 


ba poLlova’ ety oF 
nas " ab 
viat 4 a ee i a 


ny 7 | a de 
ee 
Rae eke bas 


a: To 


20 9A? o Pree inset sapch 
ne a a ni " 
; ig 


ue em 
peer itanL vaca? nf nes 


ome dD i ‘ oe Po 
‘4 ' 7 a ‘yer yy 
rl $: ig a wy o Bik: % Leis i 


> wtedatot a 
ie 2) 


; 


g sf oe 


st Phen i 
an * wea 


dou : A $4 a 
na 


76 


British Columbia. Ecology of Western No. Amer. 1: 1-17. 

Lewis, KR. A. 1979a. Patterns of occupancy of territorial 
Sites by male blue grouse. in M.S. Thesis, Univ. 
Alberta, Edmonton. 85pp. 

~----. 1979. Removal and replacement of male blue grouse on 
a series of persistent and transient territorial sites. 
in M.S. Thesis, Univ. Alberta, Edmonton. 85pp. 

Basptunka yk. 11972. Structuraiicharacteristicsso£ blue 
grouse territories in southwestern Montana. J. Wildl. 
Manage. 36: 498-510. 

McNacholi, MN. K. 1978. Behaviour and social organization in 
a population of biue grouse on Vancouver Island. Ph.D. 
Thesis, Univ. Alberta, Edmonton. 188pp. 

Morrison, D. F. 1967. Multivariate statistical methods. 
McGraw-Hill, New York. 388pp. 

NOSS,) Rel Aes (Ae Watson, ‘and RK. Parr. 1975.2, Maternal 
nutrition and breeding success in red grouse (Lagopus 
lagopus scoticus). J. Anim. Ecol. 44: 233-244, 

mecrrveld, ds As, cs Ce ZwWickel, and J. F. Bendeii. ©1570. 
Effects of fire on numbers of blue grouse. Proc. Ann. 
fablietinbers Fire. Ecol. Cont. 10s. 63=85. 

Stirisng, i., and J. F. Bendeli. 19/70. The reproductive 
behaviour of blue grouse. Syesis, 3: 161-171. 

Watson, A-, and R. Moss. 1972. A current model of population 
dynamics in red grouse. Proc. Intern. Ucnith.=Cofor. 15: 
134-149. 


Wiley, R. H. 1974. Evolution of social organization and 


j ae 7 ba uN, a 
bene 


tee ta Rs I 
a! a 8 tg + Onna sy 
b ote iy ‘es is po 
| mt ue Lae 
: Mi | - » i ' ; ' ' 
. ip Said offen Bo dpennes ; 
thay Ca i! 
« . , ss Lae - : a i © , oe 0. oT 
tis leixodiszed saokeqeas Ban te 
- » fee Beir ity me. 
stornee te ei 1 ot reed) A i aL * 
" . | Dan a A ee : mus 
t Lo i a Ltovos2ado. ie tpspeaae a i 
a Ah oe a eo ga 
‘ J i wy «88 AI GO RIS z ovdtube Bid b-gasen sas8 
r a yi aah A : 
a, eve ana iene a 
: G Lokape tae winieeds iu over et 
@ . a a eins ; : oe - : Ww i 
Vifoonee $5.8 gvgo rp venta § nae aussie a w | 
1 Toe 2 7 4 
[ser .aeg OR ae ay! ot io ‘han ite 
Shh er ees ee, 
loolveltase ot airavit ia Tuer a aS 
; ; vt e. 3 1 
‘ ay ae a at ay } we vv ne tans 
+ rogem wtTGh .oseD af bed .bomast ess 
- 7: f . : ; ’™ | - one OT, 
[ ap Box of seeghun Dae bond iban east 
i NL beam oh * F Te 
a ee. oe 
cet Fs [ha 4 Looe renee = * + amilaaae 8 ee 
i a wes q 4.0) Bae a fy eed «5; i Pe A “ 
-t mm) + cL i oo iy ie q : | 
ah y eye ast > he rat a ' 
,OO7G ,~savodrp e7id ves pens | ae wlia 3 
re : 7 ; v x : in 
-OOrES. <0) “And Lost e eS: 
. : . xa i , : : 
witovbo ithe Ty TEE 4 Lek at 4 sf 
npr My ia wi ‘i bin i 
SEXE-Pa 36: aleeea poe 
& P) j id 7 7 
Ah “paws 
g04 ‘Se ‘ 


bik pbon 2  Soemtode &: ‘ 


life-history patterns among grouse. Qt. Rev. Biol. 49: 
ZONA = 2 2i7.< 

awickel, F.C. 1977. Local’ variations in the time of 
breeding of female blue grouse. Condor, 79: 185-191. 

Seid and J. F. Bendell. 1967. Early mortality and the 
regulation of numbers in biue grouse. Can J. Zool. 45: 
St1- 35 1. 

—— to) 2e, DLUCEGrOuUSe ss nabDitat, and, POpWlatrons. m@eLroc. 
fucern., ConithesConger. 9155 150-1697. 

Se Sie and A. N. Ash. 1979. Population regulation in blue 
grouse. in Symposium -- The natural regulation of 
wildlife numbers. Eastman, D., and F. Bunnell (eds.). 


Academic Press, in press. 


77 


yyy, sii eh eee "we 

Miah ae ey gik\ Ro tO SFR 
My ts Mia 4 SA 7 fhe 1%) be : ; 7 
nT oy he \ “a We of a 

aN oe ie; ribs 

rid bd situns'ty ou -. i a is 


Me i 
18 


er ; De ee 
t 
a 


Vee 3 c gOS “ lbs 7 «ff i - 
fh dt ys 

; iL i) : ao 7 oy 7 

CRE OH <a ile Pa an ¥— 

a) . i) as Pa a 7 

ogy %. «DDO T 


eh 7 


$ Gus a Psst.) 


CONCLUDING DISCUSSION 
The question of how numbers of animals are regulated is a 
problem that intrigues many ecologists. Several theories, 
each invoking different mechanisms, have been proposed to 
answer this problem. in general, these can be grouped into 
two schools of thought. In the first, factors outside, or 
"extrinsic" to the animals, such as constraints of weather 
OL availability of food, are considered critical (e.g. 
Andrewartha and Birch 1954; Lack 1954, 1966). Proponents of 
the second schcol believe that populations are 
self-regulated by “intrinsic" mechanisms involving such 
things as social behaviour, genetics, and physiology (e.g. 
Chitty 1967; Christian and Davis 1964; Krebs 1978; 
Wynne-Edwards 1962). Here, numbers of animals are considered 
to be regulated by mechanisms that may or may not be related 
to some extrinsic factor (see Clark et al. (1967) fora 
general review). 

Population studies of biue grouse on Vancouver Island 
have been designed to examine the importance of several of 
these proposed factors and/or mechanisms in regulating 
breeding densities in this species (Bendeli 1955; Bendell 
and Elliott 1967; Redfield 1972; Zwickel and Bendell 1967, 
1972; Zwickel et al. 1979). The most recent research has 
emphasized the study of mechanisms because this might help 
to elucidate how populations are regulated and help us to 
understand if reguiation is ultimately related to some 


limiting resource. Results from removal experiments 
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indicated that surplus yearlings of both sexes were 
available in spring to inhabit areas artificially depleted 
of residents (Bendell et al. 1972; Zwickel 1972). These 
experiments indicated that behavioural interactions in 
spring immediately prior to breeding limit the number of 
yearlings that enter breeding populations (Bendell et al. 
AQ 72s -Zwickel 1972),. 

Even though aduit males are territorial, neither 
territorial behaviour nor the males themselves have been 
viewed aS important in the regulatory process (Bendell and 
Eidiott 1967; Zwickel 1972). This conclusion seemed valid 
Since ali available space was not occupied by territorial 
males and since all adult males were believed to hold 
territories. Also, since males are promiscuous, it is 
difficuit to conceive how males might limit breeding without 
invoking group selection as suggested by Wynne-Edwards 
(1962) (cited in Selander 1965). However, results from my 
experiment strongly suggest that some adult males do not 
occupy territories, hence are non-breeders. Thus, the role 
of adult males and territorial behaviour in regulating 
bumpers of breeders, at least in males, must be reevaluated. 

Territorial behaviour as a mechanism regulating the 
Size of animal populations has received much attention (e.g. 
Brown 1969; Hinde 1956; Klomp 1972; Stokes 1974; Watson and 
Moss 1970). It is generally accepted that territorial 
behaviour limits breeding densities if no resource, such as 


food or nest sites, is limiting and if some individuals that 
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are capable of breeding are prevented from doing so by such 
behaviour. My results suggest that male blue grouse satisfy 
these criteria. Therefore, males should be considered as 
potentially important in the regulatory process. Perhaps 
densities of males and females are regulated separately as 
Suggested for the field vole (Microtus townsendii) (Redfield 


—— SS a ewe ee ee eee we Se ee See ee 


et al. 1978); Hannon (1978) has postulated a mechanism by 
which female blue grouse can regulate their own density. if 
sexes are indeed regulated separately in blue grouse then 
toe question of why sex ratios are equal in this species 
(Zwickel and Bendell 1967, 1972) is of interest. 

The subject of delayed breeding in young individuals 
often arises in discussions of population regulation and has 
been a topic of much interest among population biologists 
(e.g. Selander 1965; Wiley 1974a, b; Wittenberger 1978). One 
argument is that delayed breeding will evolve if individuals 
that delay breeding produce more offspring over their 
lifetime than those that breed at an early age. This can 
occur if early survival and/or later reproduction are 
increased by not breeding when young (Wiley 1974b) . My 
results provide evidence that this might be true for 
yearling male blue grouse. If yearling males selected 
transient sites for territories their life expectancy, and 
perhaps annual breeding success, would decline. Whether or 
not this produces a selection sufficiently strong to result 
in the evolution of delayed breeding in yearling males 


remains to be answered. However, since even some adults 
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apparently delay breeding because persistent sites are not 
obtained, the evidence is consistent with such a conclusion. 

Two major points with regard to population regulation 
in blue grouse are thus apparent from my studies. First, in 
contrast to previous hypotheses, adult males may play a role 
in determining the size of breeding populations and second, 
Support for wWiley's (1974a, b) explanation for non-breeding 
in yearling males is produced. Arguments supporting these 
proposals are based on the assumptions that persistent sites 
are more Suitable than transient sites for territories and 
that preeding success is enhanced by occupation of a 
persistent site. My data strongly support the first 
assumption, and less directly the second. 

if persistent sites are more suitable for territories 
than transient sites then there should be demonstrable 
differences between them. However, these two types of site 
did not differ with respect to any of the vegetative or 
topographic variables I measured. Nevertheless, since 
Survival of the two groups of males occupying these sites 
differed, I believe the sites must differ in some way. The 
alternative, that the observed demographic differences are 
due to the behaviours of the males seems unlikely since 
males showed a preference for persistent sites. Perhaps more 
intensive studies of the features of the two types of site 
would reveal differences between then. 

My rcesults provide a stimulus for further research 


since some critical questions still remain. Perhaps the most 
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pressing need is to test the hypothesis that breeding 
success iS greater in males that occupy persistent sites 
than those uSing transient sites. This hypothesis may be 
ditricult to test, however, since copulations are almost 
hever witnessed in the field and females do not remain with 
the male with which they breed (Bendell and Elliott 1967). A 
second question is: Why do some adults select transient 
Sites for territories while others apparently delay breeding 
until 3 to 5 years of age if persistent sites are not 
obtained? The answer to this guestion is undoubtedly complex 
and probably includes such factors as individual variation 
in habitat preference, individual differences in benaviour, 
and perhaps chance. Finally, factors that may affect a 
male's chances of obtaining a persistent site need to be 
determined and more intensive examinations of structural 


features of persistent and transient sites are recommended. 
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